Recently 2+1 dimensional gravity theory, especially AdS 3 has been studied extensively [1, 2] . It was shown to be equivalent to the 2+1 Chern-Simon theory [3] and has been investigated to understand the black hole thermodynamics, i.e.
Canonical formalism
We start to consider the Einstein-Hilbert action with cosmological constant λ in 2+1 dimensional space-time,
The gravitational constant in 2+1 dimension is set to G 2 = 1/4 in the following.
The metrics in polar coordinate are expressed in ADM decomposition [6] as
where all metrics are assumed to be function of time t and radial coordinate r.
In the following, dot and dash denotes the derivative with respect to t and r.
The action in canonical formalism is in the form
where canonical momenta are
and the Hamiltonian and the momentum constraints are defined as
It is essential to introduce the local conservation quantities, the angular momentum J and the mass function M as follows.
We make transformation from old variables Λ, R and C into new variables
The corresponding momenta are transformed as
Quantum solutions
Next we proceed the quantum theory in the Schrödinger picture and the quan- Step 1: Angular momentum eigen equation
The eigenvalue equation of the local angular momentam (Eq. (10))
is solved with the eigenvalue j and the eigen function is obtained in the form
with Φ = drC(r) .
Step 2: Momentum constraint equation
The radial momentum constraint equation
restricts the functional form of the wave function as
where we introduce variable Z
The arbitraly function f andf are related each other:
Step 3: Mass eigen equation
The local mass operatorM is defined aŝ
whereF
and
which is called ordering factor. We takeĀ as
where
In conclusion, the general form of quantum wave function is obtained
where c j,m are the expansion coefficients, u
j,m (Z) is expressed by Eq. (31) and Z is expressed using Eqs. (19) and (25) as
where χ and F j are given in Eqs. (20) the wave function will be appeared in separate paper.
